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© Energy controller. 



© A circuit for delivering a predetermined amount 
of energy to a load without regulating the voltage 
across the load is described. An a.c. or rectified sine 
wave is controlled. There is no capacitive smoothing 
of the applied voltage. A time counter is activated at 
the beginning of each half cycle of the sine wave. At 
a predetermined point in time, a switch is closed and 
power is delivered to the load. At another predeter- 
mined time in the same half cycle, the actual, applied 
voltage is measured. The detected voltage value and 
corresponding time of measurement comprise a 
unique signature enabling identification of the spe- 
cific sine function for that half cycle. The sine func- 
tion signature permits calculation of either the 
^ amount of total energy delivered or the RMS voltage 
^ level as a function of progressing time, and thus, 
determination of the time period for which the line 
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switch must remain closed in order to deliver the 
^predetermined amount of total energy, or to maintain 
^a predetermined RMS voltage. When the time coun- 
JlJter reaches the computed necessary time period, the 
(V) switch opens and power delivery is stopped. 
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ENERGY CONTROLLER 



BACKGROUND OF THE INVENTION 



This invention relates generally to a circuit for 
controlling the amount of energy delivered to a 
load. More specifically, the invention relates to 
electrical energy supply for devices or apparatus 
which do not require fixed regulated voltages. An 
example of such a device is a thermal recording 
system which includes a plurality of heat-producing 
elements arranged in the form of an array, where 
each heat-producing elements require a predeter- 
mined amount of energy, regardless of voltage 
level, to form a mark of predetermined quality or 
contrast, on a thermal-sensitive recording medium. 



b. Description of the Prior Art 

A wide variety of electrical devices and ma- 
chines employ regulated power supplies to ac- 
curately control the energy actually delivered to a 
known load. Generally, a predetermined constant 
voltage is provided for a predetermined fixed pe- 
riod of time in devices requiring pulsed energy. In 
other devices where constant power is needed, an 
accurately predetermined voltage is constantly sup- 
plied. If power to a load is regulated for a predeter- 
mined amount of time then energy delivered to that 
load is also being controlled. The voltage param- 
eter of conventional power; supplies is generally 
regulated to remain constant 

Regulated power supplies, however, add cost 
and bulk to electrical equipment, in that relatively 
bulky load capacitors and other circuit components 
involved in voltage regulation are necessary. 

Furthermore, it is important to match maximum 
power requirements of a load with the power output 
of a conventional power supply to ensure that the 
load will receive sufficient power. The cost of the 
power supply's regulating circuitry and its weight 
increase, however, with increasing power output. 
Product design restrictions usually necessitate con- 
sideration of average power requirements of the 
load in order to minimize the cost and weight of the 
power supply. The potential savings in power sup- 
ply cost and weight are generally traded against 
the performance of the product. 

In the particular field of thermal printing sys- 
tems, information is "printed" on a thermal-sen- 
sitive recording medium through the use of a con- 
ventional thermal printhead. The thermal printhead 



generally includes a plurality of electrically resistive 
elements or "dots" arranged in a linear array. A 
printhead array may typically be made up of as 
many as 1600 or more individual resistive dots. 
5 Each dot is a fixed resistor which converts deliv- 
ered electrical energy into heat energy. The heat 
energy causes nearby heat-sensitive paper to react 
so as to create a corresponding dark dot on the 
recording medium. These dots form on an ad van- 
to cing sheet medium a predetermined alphanumeric 
character or graphic symbol, as is well known in 
the art. 

Such resistor dots may have a typical average 
power rating of approximately one watt per dot. 

is The maximum power required by the entire prin- 
thead array in the case of a 1600 dot array, would 
be 1600 watts peak, if the entire array is to be 
energized at once. This would require a 1600 watt 
peak power supply to ensure that each dot could 

20 operate successfully. Due to the cost and bulk of 
certain electrical components, such as load capaci- 
tors, commonly found in conventional voltage regu- 
lating circuitry, the cost of a 1600 watt peak power 
supply might approach or surpass the intended 

25 cost of the entire thermal printer. Also, a 1600 watt 
peak power supply would be larger than the typical 
size of conventional thermal printers. 

A currently conventional solution to the afore- 
mentioned problem is to provide, in a thermal 

30 printer, a regulated power supply which is rated for 
the average power requirements of the dot array, 
for example 200 watts. However, the 200 watt pow- 
er supply could conceivable supply 400 watts of 
peak power (reserved capacitance) but would be 

35 incapable of providing power to address the 1600 
watt peak load requirement. Thus, the printhead 
array is divided into several (e.g., four or more) 
segments, the printer circuitry then being designed 
to energize the four segments separately and stag- 

40 gored sequentially in some fashion. The heat-sen- 
sitive paper recording medium be held stationary 
for the four energy pulse periods in this case. Thus 
it can be seen that the conventional power supply 
directly limits the speed of thermal printer opera- 

45 tion. 

Another solution is disclosed in U.S. Patent No. 
4,684,959, issued August 4, 1987, to M. Mori et al„ 
and assigned to Ricoh Company, Ltd. Broadly, 
Mori et al. disclose a power supply which includes 
so a transformer having its primary side connected to 
an alternating current (a.c.) line, a rectifying diode 
connected across the secondary side of the trans- 
former and a capacitor connected in parallel with 
the diode. Mori et al. state that with such a struc- 
ture, the pulse width of an activation pulse to be 
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applied to on of the resistors of the thermal prin- 
thead is controlled to maintain the product of 
(detected voltage) squared times (pulse width of 
aDplied pulse) substantially constant while monitor- 
ing and detecting the voltage to be supplied to the 
resistive dots for recording. 

The system of Mori et al. ('959,) while an 
improvement over previous systems, does not 
eliminate the use o1 load capacitance (see, e.g., 
col. 3, 11, 23, 32-33, 37, 43), often the bulkiest and 
most expensive component in power regulating cir- 
cuitry. Although not "regulation" in the ordinary 
sense, Mori et al. nevertheless teach the use of a 
load capacitor 13 for smoothing the rectified line 
voltage, in so doing, the true sinusoidal a.c. (or 
rectified half-sinusoidal) waveform is eliminated, 
and accuracy of the energy control system deterio- 
rates. One important cause of this is Mori et al/s 
use of an average applied voltage rather than the 
actual detected applied voltage. As stated at col. 4, 
11. 32-38, accuracy of delivered energy is main- 
tained only within + /-5 percent, but this accuracy 
depends on properly matching the energy capacity 
of capacitor 13 to the known load condition. Thus, 
the Mori et al. accuracy is load sensitive. This use 
of a load capacitor presents the same drawbacks 
as the previously described prior art configuration 
wherein the resistor dot array of a thermal printer is 
divided and sequentially energized (including a 
modest load capacitance). 

In the present invention, a precisely predeter- 
mined amount of energy is provided to a load 
without regulating or smoothing the voltage applied 
across the load in any way. The need for conven- 
tional regulating circuitry components is eliminated, 
resulting in an efficient, low cost, lightweight en- 
ergy controller. 



OBJECTS OF THE INVENTION 

A principal object of the present invention is to 
provide a reliable and simple controller for de- 
livering constant predetermined amounts of energy 
to a load without the necessity of regulating or 
smoothing the applied voltage, or altering the volt- 
age sine wave signature in any other manner. 

Another object is to reduce the size and cost of 
various types of electrical equipment. More specifi- 
cally, it is an object to save energy by controlling 
delivered RMS (root mean squared) voltage levels 
and eliminating unnecessary over-supply with its 
attendant heat generation and dissipation. 

Still another object is to improve the reliability 
of electrical devices and machines by reducing 
operating temperatures, in turn enabling the use of 
less expensive electrical (and mechanical) compo- 
nents. 



Another object of the invention is to provide an 
improved thermal printing system which does not 
require bulky and expensive power regulating cir- 
cuitry, and which has improved printing speed and 
5 consistency of printing. 

SUMMARY OF THE INVENTION 

10 The present invention comprises a circuit 
which delivers a predetermined amount of energy 
to a load without regulating or smoothing the volt- 
age across the load. The input to the circuit is a 
sine wave, which is left as an (alternating current) 

75 sine wave for a.c. applications, or it can be rectified 
to provide either a train or direct current (d.c.) 
positive or negative half duty sine wave cycles for 
d.c. applications. There is no capacitive smoothing 
of the applied voltage whatsoever. A time counter 

20 is activated at the beginning of each half cycle of 
the sine wave. At a predetermined point in time, a 
switch is closed and power is delivered to the load. 
At another predetermined time in the same half 
cycle, the actual applied voltage is measured. The 

25 detected voltage value and corresponding time of 
measurement comprise a unique signature en- 
abling identification of the specific sine function for 
that half cycle. 

The sine function signature permits calcula- 

30 tions, preferrably done beforehand, of the amount 
of total energy delivered as a function of progress- 
ing time, and thus, determination of the time period 
for which the line switch must remain closed in 
order to deliver the predetermined amount of total 

35 energy. When the time counter reaches the com- 
puted necessary time period, the switch opens and 
power delivery is stopped. 

The switching process repeats for the each half 
duty cycle with a unique turn-off time for each half: 

40 duty cycle. 

It is readily seen that the invention can serve 
either as an ax. line voltage RMS regulator or as 
an unregulated d.c. source. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the 
invention mentioned in the above brief explanation 

so will be more clearly understood when taken to- 
gether with the following detailed description of an 
embodiment which, although presently preferred, 
will be understood as being illustrative only, and 
the accompanying drawings reflecting aspects of 

55 that example, in which: 

FIG. 1 is a schematic illustration depicting a 
thermal recording system including the present in- 
vention; 
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FIG. 2 illustrates voltage amplitude vs. time 
for one half duty cycle of two different line voltage 
sine wave functions; 

FIG. 3 illustrates voltage squared amplitude 
vs. time for one half duty cycle of two different line 
voltage sine wave functions; 

FIG. 4 illustrates, schematically and in block 
diagram form, the energy controller circuitry ac- 
cording the present invention; 

FIG. 5 is a simplified circuit in block diagram 
form of the present invention as used to provide 
direct current; and 

FIG. 6 is a simplified circuit in block diagram 
form of the present invention as used to provide 
alternating current. 



DETAILED DESCRIPTION OF A PREFERRED EM- 



BODIMENT 



Fig. 1 shows well known portions of a thermal 
recording system in combination with the energy 
controller 100 according to the present invention. 
As described in detail below, the energy controller 
100 is connected to a conventional ac. line, and 
controls the delivery of energy to a plurality of 
resistive elements R. Determination of which of the 
resistors R are to print at a given moment is 
controlled by conventional dot control logic circuitry 
acting upon switching transistors T, as is well 
known in the art. When the energy controller closes 
the switch S to ground, those resistors R whose 
transistors T are switched ON will print a mark. 

Referring now to Rg. 2, two curves 10, 12 
represent two different approximately sinusoidally 
varying alternating current (a.c.) line voltage as a 
function of time, as might be representative of the 
ac. line voltage of Rg. 1. This variation in voltage 
is due to fine voltage variation and/or voltage drop 
incurred by load variation. A positive sine wave half 
cycle is illustrated for each of the different curves 
110, 112 of Fig. 2. In the case of conventional 60 
Hz a.c. line voltage, 120 such half cycles occur per 
second, each alternating half cycle being of op- 
posite sign. In d.c. applications, after full wave 
rectification, ail half cycles are of the same 
(whether positive or negative) sign. 

As is shown in Fig. 2, voltage curve 110 attains 
a higher peak voltage 111 than the peak voltage 
113 of curve 112. In the case of conventional a.c. 
line voltage, for example, as provided by a public 
or private utility, such peak voltage variations are 
common. 

The power (P) delivered to an electrical load 
such as a resistor is well-known to be equal to the 
product of the voltage (V) across the resistor and 
the current (I) through the resistor, expressed in 



units of watts. Power is related to voltage, current 
and resistance by the well-known formula: 
P = IV = V*/R 

The amount of energy (E) delivered to a load is 
5 equal to the amount of power delivered integrated 
over the duration of delivery time, expressed in 
units of joules (j), and is represented mathemat- 
ically by; 



70 



75 



50 



V2/R 



The amount of energy delivered to a fixed load 
of known resistance (R) is thus directly proportional 
to the integral of the square of the voltage across 
the resistor and can be graphically represented by 
20 the area under the voltage squared curve 10 or 12 
shown in Fig. 3. Accordingly, the amount of energy 
actually delivered to the load can be precisely 
controlled by controlling how much of the entire 
available energy area under the voltage squared 
25 curve is actually "sent" to the load. It is readily 
observed that equal amounts of delivered energy 
may be obtained from different voltage curves by 
increasing or reducing, as necessary, the time du- 
ration, or pulse width (PW), during which the line 
00 voltage is actually applied across the load. 

For example, the areas of segments 14 and 16 
under curves 10 and 12; respectively, depend on 
the time width PW1 and PW2 and the voltage over 
the respective time intervals. Each squared voltage 
35 height or amplitude follows a sine curve during the 
half cycle time and at a given time may vary, due 
to load and/or power line fluctuations, as shown by 
the different values V1 and V2 at time T4 for the 
two sine wave functions 10 and 12. 
40 It will be appreciated that these relationships 
can be most easily manipulated to predetermine a 
pulse width (PW) for and given sine wave voltage 
curve so as to cause delivery of a desired amount 
of energy to a known load. Where the form of an 
45 ac. line voltage curve such as curves 1 10 and 1 12 
of Rg. 2 is as follows, as is well-known: 
V - A sin(«t) 
then 

E = 1/R x A 2 /2 x [t 2 - ti - (sin(2wt 2 ) • sin(2 ti))/2«] 
where 

R = Known fixed resistance of load 
A = voltalge amplitude for a particular curve, i.e., 
the sine curve "signature" 
U = Switch closing time 
S5 t2 - Switch opening time 

Given a known resistance R, desired energy E, 
and switch closing time t1 , there is a unique switch 
opening time h which satisfies the above energy 
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equation, for a particualr sin© wave signature, A. 
The sine wave signature, A, may be determined at 
any convenient time after the zero crossing of a 
half cycle, by the relationship 

V ln = A Sin («t 3 ) 
where 

V| n = detected voltage 

t3 = t f me of voltage detection, with respect of time 
of zero crossing. 

A schematic block diagram for a presently pre- 
ferred embodiment of the invention is shown in 
FIG. 4. The illustrated digital circuit serves to con- 
trol the amount of energy delivered during a sine 
wave half cycle of unregulated or unsmoothed volt- 
age amplitude. 

The main inputs to the digital circuit include a 
clock signal from an oscillator 34 (in the embodi- 
ment, operating at 5 MHz), a full 60 Hz sine wave 
33, a sensed voltage input 35 and an energy level 
selector input 37 which is connected directly to the 
memory portion 44 of the circuit. The sine wave 33 
is delivered to a zero voltage detector 36 which 
determines when the beginning of each half cycle 
occurs, A CD3059 digital switch may be used. The 
input of the zero voltage detector 36 and the output 
of the oscillator 34 are applied to a 16 bit counter 
38. As is well-known, a 16 bit counter may be 
represented by four 4 bit counters, such as 7493 
digital counters. The counter 38 has outputs con- 
nected to an A/D converter 42 which may be 
device AD0803, a decoder 40 such as device 7442, 
and a magnitude comparator 48 which may com- 
prise two 8 bit 7485 comparators. The decoder 40 
has outputs connected to the A/D converter 42. the 
circuit memory 44, a 4 bit latch 46 (7475 device) 
and an RS flip flop 50. The A/D converter 42 is 
connected to the ROM 44 and the latch 46. The 
ROM 44 is also connected to the latch 46. The 
latch 46 is connected to the comparator 48 which 
is connected to the flip flop 50. The RS flip flop: 50 
controls the switch 32. The specific manner of 
interconnection of these digital circuit components 
is well within the level of ordinary skill in the art 
taking into consideration the illustrations of Figs. 4 
and 1 and the following operational description. 

The operation of the invention is as follows, 
with reference to Figs. 4, 3 and 2. When sine wave 
half cycle 10 of FIG. 2 begins at time zero, the 
zero voltage detector 36 will detect a voltage value 
of zero and will send a signal to the 16 bit counter 
38. Counter 38 will at the moment reset to time 
zero and begins counting time by clock pulses 
from oscillator 34. The counter 38 will continously 
inform the decoder 40 and the magnitude com- 
parator 48 of the elapsed time since zero crossing 
using an appropriate signal. Counter 38 will also 
provide the necessary operating clock signal to the 
A/D converter 42. At a predetermined time, (time 



point T1 of cycle 10 in FIG. 3), the decoder 40 will 
send a signal to the flip flop 50 to "close" switch 
32. At the moment of switch closing, the ax. line 
begins delivering power to the load. It should be 
s noted that any value of time T1 may be chosen 
including time zero, but T1 is preferrably only near 
the time of zero crossing. 

At another predetermined time which may be 
shortly after T1, (time point T4 in Fig. 3). the 

10 decoder 40 will signal the A/D converter 42 to 
sense the voltage across the load and convert the 
analog voltage signal into a digital signal. The 
sensing time T4 must be sufficiently after time T1, 
on the order of several microseconds, to ensure 

75 that the sensed voltage reflects any load induced 
voltage variation. 

The circuit memory 44 is now described. As 
previously discussed, a unique sine curve signature 
can be derived for a detected voltage value, if the 

20 elapsed time since zero crossing in known. Thus, 
once the designer chooses such a sampling time, a 
lookup table can be easily be devised wherein the 
particular signature is determined simply by the 
digital value of the measured voltage level at that 

25 sampling time. 

Now, for each such sine curve signature, the 
elapsed time from switch closing for delivery of a 
predetermined amount of energy to the load is 
precisely known. Thus, for a given, desired energy 

30 delivery, another lookup table is easily derived 
yielding total switch closing time (actually switch 
opening times) for various sine curve signatures. 

In the presently preferred embodiment, the 
memory device is a 2716 EPROM. having 2048 

35 memory locations each containing 8 bits. 8 bits are 
used for the digital representation of the measured 
voltage at time T4. These 8 bits are used to 
address 256 memory locations, each containing a 
switch opening: time (T2 in Fig. 3) corresponding to 

40 one of 256 possible measured voltages. 

Bght different locations, or pages of memory, 
can be addressed for any given measured voltage, 
the eight different pages corresponding to eight 
different desired delivered energy levels. The se- 

45 lector 37 provides a 3 bit address determining 
which of the eight different predetermined energy 
levels is to be used. 

In this embodiment, but not to be viewed as a 
limitation of the invention, it can be seen that there 

so is a compromise between the number of different 
energy levels and the accuracy of the detected 
voltage. Larger memory storage capacity reduces 
the need for such compromise. 

Thus, the output of the A/D converter 42 is 

55 used in conjunction with the energy selector input 
37 to look up a "turn off" or switch opening time 
T2 in the stored data of the memory device 44. 
This "turn off" data is sent through the latch 46 to 
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the msgniiude comparator 48. The magnitude com- 
parator 48 compares the "turn off" time with the 
cctual elapsed time from the 16 bit counter 38. 
Just when tne actual time exceeds the "turn off" 
time, the magnitude comparator 48 outputs the 
signal via flip flop 50 and opens switch 32, turning 
off power to the load. The 16 bit counter 38 is resot 
when the noxt zero voltage is detected. The pro- 
cess continues 120 times per second for the 60 
hertz sine wave used. 

It will be readily appreciated that this energy 
controller circuit determines the correct amount of 
energy to be delivered in each half cycle without 
relying on any information obtained from previous 
cycles, thus eliminating a major source of error in 
actual energy delivered. The pulse width time is 
recomputed for each half cycle. 

There are many advantages to the above de- 
scribed energy controller. The circuit is entirely 
digital, and its construction and adaption tc many 
different applications is a simple matter. As all 
voltage regulation has been eliminated, there are 
no load capacitors nor any other conventional regu- 
lating circuitry. There is no voltage smoothing, nor 
any need to control the energy as depending upon 
an average applied voltage. The circuit delivers the 
proper amount of energy to the load entirely in- 
dependent of line voltage and load variations. 

Furthermore, the speed of response of the con- 
troller is limited at this point only by the computing 
speed of the A/D converter 42, the other circuit 
components having faster response times. This is 
not the case where load capacitors are present 
across the load, as in U.S. Patent No. 4,684,959. 
discussed above. Most notable have been the re- 
cent improvements in switching response time for 
the actual line switch 32. 

As illustrated in Fig. 5, the inventive energy 
controller is used to provide an unregulated d.c. 
source. Here the a.c. line voltage is applied to a 
transformer 64 for isolation and a full wave rectifier 
66. The energy controller 68 appropriately opens 
and closes switch 70 (corresponding to switch 32 
of Fig. 4) to provide d.c. voltage to the load 72. 
Because the energy controller acts to control the 
RMS sinusoidal voltage, no d.c. regulation is nec- 
essary. 

The specific application of the invention to a 
thermal printer is now better appreciated, as it will 
be obvious to those skilled in the art how the digital 
circuit of Fig. 4 is applied to the the thermal print- 
ing system of Fig. 1. In particular, the output of flip- 
flop 50 controls digital switch S. As described 
above, in accordance with the present invention, 
the overall cost of a thermal printer can be reduced 
because of the use of an unregulated energy sup- 
ply. Even the load capacitor of the Mori et al. '959 
system is eliminated in the entirely digital control of 



the present invention. Thus tno sppod of thermal 
printing can be increased even further, whilo at the 
same time improving the consistency of dot con- 
trast regardless of wide variations in load con- 

5 ditions, i.e.. the number of enabled resistive dots. 

Further comparing the presently described em- 
bodiment to the Mori et al. '959 circuit, the follow- 
ing additional advantages are obtained. The accu- 
racy of control is no longer load in line sensitive, 

w instead being primarily a function of the number of 
digital bits used to describe the measured voltage. 
Where 7 digital bits are used, for example, the 
measurement error is approximately 0.78 percent. 
Another important advantage is the ease of select- 

75 ing the amount of energy to be applied to the load, 
enabling, for example, the use of thermal recording 
media having different thermal sensitivities. The 
number of different settings is limited only be avail- 
able address bits and digital memory capacity. 

so In any electrical equipment requiring achieve- 

ment of a particular temperature, the advantages of 
the invention are readily apparent Those skilled in 
the art will further appreciate the desirability, sim- 
plicity and applicability of the invention to a wide 

25 variety of different situations where the quantity to 
be controlled is energy of one form of another, but 
the conventional manner of regulation has in the 
past been through voltage regulation, now unnec- 
essary. For example, acoustic and light energy 

so may be similarly controlled. 

It is apparent that the invention as described 
above is actually more than merely an energy 
controller. In applications where resistence of the 
load is not controlled, the same control concept 

35 can be applied as shown in Rg. 6 to control an ax. 
RMS line voltage. Now the invention serves as a 
precision RMS voltage regulator which is both line 
and load independent. 

Referring to Fig. 6, a simplified circuit of an- 

40 other possible use of the present invention is 
shown. In this particular environment, the invention 
is used to provide constant RMS (root mean 
squared) voltage regardless of source voltage vari- 
ation between the specified low and high line volt- 

45 age specifications and regardless of load variations. 
The energy controller previously described now 
becomes an RMS voltage regulator. Circuit 58 in 
this instance would be applied to an unrectified a.c. 
line voltage, and the zero crossings would be both 

so positive-and negative-going. The switch 62 
(corresponding to switch 32 of Rg. 4) is opened 
and closed to deliver RMS voltage to the load 60. 
Although the peak voltage of each half cycle may 
vary from one half cycie to another, the RMS 

55 voltage delivered to the load remains constant by 
regulating the time period of eacn half cycle during 
which the switch 62 is closed. 

In particular, many electrical devices do not 
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require heat to perform their intended functions, 
such as motors, radios, televisions and the like. 
Such products are designed to operate on line 
voltages which may fall anywhere in the conven- 
tional design ranges such as 95/126 volts or 
190/252 volts. Because these products are de- 
signed to operate at the low nominal line voltages 
in any circumstance, applied excess voltage which 
is not converted to the products' output is thus 
wasted, being dissipated as heat. 

The invention delivers a fixed RMS voltage to 
the load, regardless of the supplied line voltage 
and regardless of change in load. The low nominal 
voltage for which the product was designed may 
thus be maintained, saving energy. Furthermore, 
the product becomes more reliable as it no longer 
dissipates the excess supplied energy as heat, anc 
components having lower temperature ratings may 
be used. 

It will be readily appreciated that the apparatus 
of Mori et al. '959 does not and cannot serve as an 
a.c. RMS voltage regulator. 

Numerous variations and modifications, in addi- 
tion to those already described, will be plain to 
those skilled in the art. These changes do not 
depart from the basic spirit of the invention. 



Claims 

1. Electrical control apparatus for controlling 
application of a line voltage source to an electrical 
load having a predetermined resistance, compris- 
ing: 

first detection means connected to the line voltage 
source for determining a first reference time at 
which the line voltage source is at a predetermined 
first level; 

second detection means connected to the line volt- 
age source for determining a second level of the 
line voltage source at a predetermined second ref- 
erence time; 

memory means responsive to the first and second 
reference times and the second level of the line 
voltage source, the memory means containing data 
representative of an accumulating amount of deliv- 
ered energy as a time interval after the first refer- 
ence time increases; and 

comparator means responsive to the memory 
means and to a predetermined amount of delivered 
energy for stopping application of the line voltage 
source to the electrical load after a pulse interval at 
which time the accumulated amount of delivered 
energy substantially equals the predetermined 
amount ot delivered energy. 

2. The electrical control apparatus according to 
Claim 1. wherein the predetermined first leve; of 
the line voltage source is substantially zero. 



3. The electrical control apparatus according to 
Ciaim 1, wherein the memory means further in- 
cludes data representative of a plurality of different 
selectable predetermined amounts of delivered en- 
5 ergy which can be provided by the line voltage 
source to the electricai load, the comparator means 
being responsive to a selected one of the different 
selectable predetermined amounts of delivered en- 
ergy. 

70 4. Thermal printing apparatus comprising: 

a thermal printhead including a plurality of heat- 
producing elements arranged in the form of an 
array, the plurality of heat-producing elements be- 
ing selectively activated in accordance with an ac- 

75 tivation signal applied thereto, the thermal prin- 
thead including a common connection line to a line 
voltage source and to which one electrical connec- 
tion of each of the plurality of heat-producing ele- 
ments is commonly connected; 

20 first detection means connected to the line voltage 
source for determining a first reference time at 
which the line voltage source is at a predetermined 
first level; 

second detection means connected to the line volt- 
25 age source for determining a second level of line 
voltage source at a predetermined second refer- 
ence time; 

memory means responsive to the first and second 
reference times and the second level of the line 

30 voltage source, the memory means containing data 
representative of an accumulating amount of en- 
ergy delivered to each one of the plurality of heat- 
producing elements as a time interval after the first 
reference time increases; and 

35 comparator means responsive to the memory 
means and to a predetermined amount of delivered 
energy for stopping application of the line voltage 
source to the plurality of heat-producing elements 
after. a pulse interval at which time the accumulated 

40 amount of delivered energy substantially equals the 
predetermined amount of delivered energy. 

5. The thermal printing apparatus according to 
Claim 4, wherein the predetermined first level of 
the line voltage source is substantially zero. 

45 6. The electrical control apparatus according to 

Claim 4, wherein the memory means further in- 
cludes data representative of a plurality of different 
selectable predetermined amounts of delivered en- 
ergy which can be provided by the line voltage 

so source to each one of the plurality of heat-produc- 
ing elements, the comparator means being respon- 
sive to a selected one of the different selectable 
predetermined amounts of delivered energy. 
. 7. Electrical control apparatus for controlling 

55 application of a line voltage source to an electrical 
load, comprising: 

first detection means connected to the line voltage 
source for determining a first reference time at 
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which the line voltage source is at a predetermined 
first level; 

second detection means connected to the line volt- 
age source for determining a second level of the 
line voltage source at a predetermined second ref- 5 
erence time; 

memory means responsive to the first and second 
reference times and the second level of the lino 
voltage source, the memory means containing data 
representative of a rising RMS voltage level as a 10 
time interval after the first reference time increases; 
and 

comparator means responsive to the memory 
means and to a predetermined RMS voltage level 
for stopping application of the line voltage source 75 
to the electrical load after a pulse interval at which 
time the rising RMS voltage level substantially 
equals the predetermined RMS voltage level. 

8, The electrical control apparatus according to 
Claim 7, wherein the predetermined first level of 20 
the line voitalge source is substantially zero. 

9. The electrical control apparatus according to 
Claim 7, wherein the memory means further in- 
cludes data representative of a plurality of different 
selectable predetermined RMS voltage level which 25 
can be provided by the line voltage source to the 
electrical load, the comparator means being re- 
sponsive to a selected one of the different selec- 
table predetermined RMS voltage levels. 
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